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VMP-LIKE SEQUENCES OF PATHOGENIC 
BORRELIA 

This application is a Divisional Application of US. 
application Ser. No. 09/125,619 ?led on Jan. 27, 1999 now 
US. Pat. No. 6,437,116, Which is a continuation of PCT 
Application PCT/US97/02952 ?led Feb. 20, 1997, Which is 
a continuation-in-part and claims priority to Provisional 
Application Serial No. 60/012,028 ?led on Feb. 21, 1996. 

1.0 BACKGROUND OF THE INVENTION 

1.1 Field of the Invention 
The invention relates to the ?eld of molecular biology; in 

particular, to immunogenic compositions and recombinant 
VMP-like genes useful for treatment and diagnosis of Lyme 
disease. Also included are methods for the determination of 
virulence factors in Lyme disease. 

1.2 Description of Related Art 
Lyme disease is a bacterial infection caused by pathogenic 

spirochetes of the genus Borrelia. The infection can occur in 
humans, dogs, deer, mice and other animals, and is trans 
mitted by arthropod vectors, most notably ticks of the genus 
Ixodes. Borrelia burgdoferi, the most common cause of 
Lyme disease in North America, Was ?rst cultured in 1982. 
B. garinii and B. afzelii are the most common infectious 
agents of Lyme disease in Europe, and another species, B. 
japonicum, has been described in Japan. These organisms 
are closely related and cause similar manifestations With 
multiple stages: an expanding rash at the site of the tick bite 
(erythema migrans); fever, lymphadenopathy, fatigue, and 
malaise; effects of disseminated infection, including carditis, 
meningoradiculitis, and polyarthritis; and chronic manifes 
tations including arthritis and neurologic disorders. Lyme 
disease is often dif?cult to diagnose because of shared 
manifestations With other disorders, and it can also be 
refractory to treatment during late stages of the disease. It is 
most common in areas such as suburban regions of upstate 
NeW York and Connecticut, Where large populations of deer 
and White-footed mice serve as the principal mammalian 
hosts and reservoirs of infection. Approximately 10,000 
cases of Lyme disease in humans are reported per year in the 
United States, and it is also a signi?cant veterinary problem 
due to a high infection rate of dogs and other domestic 
animals in endemic regions. 

B. burgdorferi, the etiologic agent of Lyme disease, is 
able to persist for years in patients or animals despite the 
presence of an active immune response (Steer, 1989; 
SchutZer, 1992). Antigenic variation has been postulated 
previously as a mechanism Whereby B. burgdorferi evades 
the immune response in the mammalian host (SchWan et al., 
1991; Wilske et al., 1992). Antigenic variation has been 
de?ned as changes in the structure or expression of antigenic 
proteins that occurs during infection at a frequency greater 
than the usual mutation rate (Borst and Geaves, 1987; 
Robertson and Meyer, 1992; Seifert and So, 1988). 

Relapsing fever is another disease caused by pathogenic 
Borrelia. It has both epidemic and endemic forms. The 
epidemic form is caused by B. recurrentis and is transmitted 
betWeen humans by lice. It Was a major source of morbidity 
and mortality during World War I, but has been rare since 
then due largely to public health measures. Endemic relaps 
ing fever is an epiZootic infection caused by several Borre 
liae species, including B. hermsii. It occurs sporadically 
among hunters, spelunkers, and others Who come in contact 
With infected soft-bodied ticks of the genus Ornithidorus. 
Relapsing fever is characteriZed by tWo or more episodes or 
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2 
“relapses” of high bacteremia (up to 108/ml). The ?rst Wave 
of infection is caused by Borreliae expressing a certain 
Variable Major Protein (VMP) on their surface (e.g. 
Vmp21). The gene encoding this VMP is located at a 
promoter site in the expression plasmid, Whereas over 24 
nonexpressed copies of different VMP genes are present on 
the so-called silent plasmid. When the host develops anti 
bodies against the expressed VMP, the organisms of that 
stereotype are destroyed and the patient improves. HoWever, 
a small proportion of organisms have undergone antigenic 
sWitching to a different stereotype. Nonreciprocal recombi 
nation occurs betWeen the expression plasmid and the silent 
plasmid, resulting in the insertion of a different VMP gene 
in the expression site (e.g., Vmp7). The organisms express 
ing Vmp7 are not affected by the anti-Vmp21 antibodies, 
and therefore multiply in the host and cause a second 
episode of the disease. Up to ?ve of these 3—5 day episodes 
can occur, separated by 1—2 Week intervals. 

Such Well-demarcated episodes of infection do not occur 
during Lyme disease, and feWer organisms are present in the 
blood and in tissues at any stage. HoWever, there are reasons 
to suspect that similar mechanisms of antigenic variation 
may occur in B. burgdorferi and other Lyme disease Bor 
reliae The infection, if untreated, commonly persists for 
months to years despite the occurrence of host antibody and 
cellular responses; this observation indicates effective eva 
sion of the immune response. Lyme disease may be dis 
abling (particularly in its chronic form), and thus there is a 
need for effective therapeutic and prophylactic treatment. 

Certain B. burgdorferi genes and proteins have been 
patented, including Outer Surface Protein D (OspD) (US. 
Pat. No. 5,246,844; issued Sep. 21, 1993). OspD has not 
proven to be a useful protein for diagnosis or immunopro 
tection. Other proteins, including OspA and OspC, have 
been considered as vaccine candidates for Lyme disease, 
including a recombinant OspA vaccine currently in human 
clinical trials. Other vaccines are in use or undergoing 
testing in veterinary applications, including vaccination of 
dogs. HoWever, animal studies indicate that OspA vaccina 
tion may not be effective against all strains of Lyme disease 
Borreliae. OspA is also not useful for immunodiagnosis, due 
to Weak antibody responses to OspA in Lyme disease 
patients. 

Previous studies have generally failed to provide evidence 
for the occurrence of antigenic variation in Lyme disease 
Borrelia. Genetic heterogeneity in the genes encoding the 
membrane lipoproteins OspA, OspB, OspC, and OspD has 
been Well documented among strains of Lyme disease 
Borreliae (Marconi et al., 1993; Marconi et al., 1994; Livey 
et al., 1995). In addition, mutations in ospA and ospB have 
been shoWn to occur in vitro (Rosa et al., 1992; SadZiene et 
al., 1992). HoWever, no signi?cant antigenic change 
(Barthold, 1993) or gross genetic alteration (Persing et al., 
1994; Stevenson et al., 1994) has been detected in B. 
burgdorferi N40 isolates from chronically infected BALB/c 
and C3H mice, other than the loss of the 38-kilobase (kb) 
plasmid encoding OspD. Therefore the heterogeneity in Osp 
proteins observed among B. burgdorferi sensu lato isolates 
appears to represent evolutionary divergence (“antigenic 
drift”) rather than antigenic variation. 

There is a commercial demand for vaccines and diagnos 
tic kits for Lyme disease, both for human and veterinary use. 
Several companies have active research and development 
programs in these areas. 
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2.0 SUMMARY OF THE INVENTION 

Partial and complete DNA sequences have been deter 
mined for several recombinant clones containing DNA 
encoding VMP-like sequences. The identi?cation and char 
acteriZation of these sequences noW alloWs: (1) identi?ca 
tion of the expressed gene(s) in B. burgdorferi; (2) expres 
sion of these gene(s) by a recombinant vector in a host 
organism such as E. coli; (3) immuniZation of laboratory 
animals With the resulting polypeptide, and determination of 
protective activity against B. burgdorferi infection; (4) use 
of antibodies against the expressed protein to identify the 
reactive polypeptide(s) in B. burgdorferi cells; (5) use of the 
expressed protein(s) to detect antibody responses in infected 
humans and animals; (6) determination of the presence, 
sequence differences, and expression of the VMP-like DNA 
sequences in other Lyme disease Borreliae. 

The invention is contemplated to be useful in the 
immunoprophylaxis, diagnosis, or treatment of Lyme 
disease, relapsing fever, or related diseases in humans or 
animals. It is expected that recombinant or native proteins 
expressed by the VMP-like genes (or portions thereof) Will 
be useful for (a) immunoprophylaxis against Lyme disease, 
relapsing fever, or related disorders in humans and animals; 
(b) immunotherapy of existing Lyme disease, relapsing 
fever, or related illnesses, by Way of immuniZation of 
injection of antibodies directed against VMP-like proteins; 
and (c) immunodiagnosis of Lyme disease, relapsing fever, 
or related diseases, including their use in kits in Which the 
VMP-like proteins are the sole antigen or one of multiple 
antigens. The DNA may be employed in: (a) production of 
recombinant DNA plasmids or other vectors capable of 
expressing recombinant polypeptides; and (b) design and 
implementation of nucleic acid probes or oligonucleotides 
for detection and/or ampli?cation of VMP-like sequences. 
The latter is expected to have application in the diagnosis of 
infection With Borrelial organisms. 

Similar sequences in B. burgdorferi and other Lyme 
disease Borreliae have not been reported previously, as 
determined by BLAST searches of current nucleotide and 
amino acid databases including Genbank, the EMBL DNA 
database, and the SWiss Protein database. Although there is 
some similarity betWeen the B. burgdorferi deduced amino 
acid sequences With previously published B. hermsii VMP 
deduced amino acid sequences, the degree of identity and 
similarity is only ~30% and ~50%, respectively. Outer 
surface protein C (OspC) of Lyme disease organisms has 
been reported to have sequence similarities to VMPs, but the 
highest similarity is to a different subgroup of VMPs than 
the sequences reported here (Carter et al., 1994). The 
VMP-like sequences such as those contained in pJRZ53-31 
have a loW degree of homology With OspC from some Lyme 
disease organisms (e.g. B. burgdorferi 2591), as indicated by 
a BLASTP homology score of 60 and a probability of 
0.0013. Thus, the B. burgdorferi VMP-like DNA sequences 
are unique, although they have an apparent evolutionary 
relationship With other Borrelia genes. 

Another aspect of the invention is the method for identi 
?cation of possible virulence factors. This approach entails 
subtractive hybridiZation of target DNA from high infectiv 
ity organisms With driver DNA from loW-infectivity strains 
or clones. This procedure greatly enriches for sequences 
Which differ betWeen the high- and loW-infectivity strains 
and thus may encode proteins important in virulence. Of 
particular utility is the use of closely related isogenic clones 
that differ in their infectivity; in this case, the DNA differ 
ences should be restricted more stringently to those related 
to infectivity. 
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4 
Open reading frames in a B. burgdorferi plasmid that 

encode hypothetical proteins resembling the VMP proteins 
of relapsing fever organisms have noW been identi?ed. The 
inventors have found that the presence of the plasmid 
containing these VMP-like sequences in B. burgdorferi 
clones correlates strongly With infectivity. Thus it is likely 
that the proteins encoded by the VMP-like sequences are 
important in immunoprotection and pathogenesis. Proteins 
encoded by the VMP-like sequences of B. burgdorferi may 
provide protection When used either alone or in combination 
With other antigens. They may also be useful for immuno 
diagnosis. 
The invention is considered to include DNA segments 

corresponding to 20, 30, and 40 base pairs of the VMP-like 
sequences; DNA segments inclusive of the entire open 
reading frames of the VMP-like sequences; amino acid 
sequences corresponding to both conserved and variable 
regions of the VMP-like sequences; recombinant vectors 
encoding an antigenic protein corresponding to the above 
amino acid sequences; recombinant cells Where extrachro 
mosomal DNA expresses a polypeptide encoded by the 
DNA encoding Borrelia VMP-like sequences; a recombi 
nant B. burgdorferi or E. coli cell containing the DNA 
encoding VMP-like sequences; methods of preparing trans 
formed bacterial host cells using the DNA encoding the 
VMP-like polypeptides; methods using the plasmid or vec 
tor to transform the bacterial host cell to express B. burg 
dorferi polypeptides encoded by the DNA sequences; meth 
ods for immuniZation of humans or animals With the native 
B. burgdorferi polypeptide or polypeptides expressed by 
recombinant cells that include DNA encoding the VMP-like 
polypeptides; and methods for identifying potential viru 
lence factors using subtractive hybridiZation betWeen target 
DNA from high-infectivity cells and driver DNA from 
loW-infectivity cells. 

Also included in the invention are primer sets capable of 
priming ampli?cation of the VMP-like DNA sequences; kits 
for the detection of B. burgdorferi nucleic acids in a sample, 
the kits containing a nucleic acid probe speci?c for the 
VMP-like sequences, together With a means for detecting a 
speci?c hybridiZation With the probe; kits for detection of 
antibodies against the VMP-like sequences of B. burgdorferi 
and kits containing a native or recombinant VMP-like 
polypeptide, together With means for detecting a speci?c 
binding of antibodies to the antigen. 
2.1 Methods of Treatment 
An important aspect of the invention is the recognition 

that Borrelia VMP-like sequences recombine at the vls site, 
With the result that antigenic variation is virtually limitless 
Multiclonal populations therefore can exist in an infected 
patient so that immunological defenses are severely tested if 
not totally overWhelmed. Thus there is noW the opportunity 
to develop more effective combinations of immunogens for 
protection against Borrelia infections or as preventive inocu 
lations such as in the form of cocktails of multiple antigenic 
variants based on a base series of combinatorial VMP-like 
antigens. 
VMP-like protein preparations may be administered in 

several Ways, either locally or systematically in pharmaceu 
tically acceptable formulations. Amounts appropriate for 
administration are determined on an individual basis 

depending on such factors as age and sex of the subject, as 
Well as physical condition and Weight. Such determinations 
are Well Within the skill of the practitioner in the medical 
?eld. 

Other methods of administration may include injection of 
Borrelia VMP-like DNAs into vaccine recipients (human or 
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animal) driven by an appropriate promoter such as CMV, (so 
called DNA vaccines). Such preparations could be injected 
directly into lesions or transplanted into patients for sys 
temic immunization. DNA vaccinations techniques are cur 
rently Well past the initial development stage and have 
shoWn promise as vaccination strategies. 
2.2 VMP-like Genes 

Recombinant proteins and polypeptides encoded by iso 
lated DNA segments and genes are often referred to With the 
pre?x “r” for recombinant. As such, DNA segments encod 
ing rVMPs, or rVMP-related genes, etc. are contemplated to 
be particularly useful in connection With this invention. Any 
recombinant vls combining any of the vlsE expression site 
loci and/or silent vls cassettes (vls2-vls-16) gene Would 
likeWise be very useful With the methods of the invention. 

Isolation of the DNA encoding VMP polypeptides alloWs 
one to use methods Well knoWn to those of skill in the art and 
as herein described to make changes in the codons for 
speci?c amino acids such that the codons are “preferred 
usage” codons for a given species. Thus for example, 
preferred codons Will vary signi?cantly for bacterial species 
as compared With mammalian species; hoWever, there are 
preferences even among related species. ShoWn beloW is a 
preferred codon usage table human. Isolation of spirochete 
DNA encoding VMP Will alloW substitutions for preferred 
human codons, although expressed polypeptide product 
from human DNA is expected to be homologous to bacterial 
VMP and so Would be expected to be structurally and 
functionally equivalent to VMP isolated from a spirochete. 
HoWever, substitutions of preferred human codons may 
improve expression in the human host, thereby improving 
the ef?ciency of potential DNA vaccines. 

TABLE 1 

6 
screening of a cDNA or genomic library, using primers or 
probes With sequences based on the above nucleotide 
sequence. Such fragments may be readily prepared by, for 
example, directly synthesiZing the fragment by chemical 
means, by application of nucleic acid reproduction 
technology, such as the PCRTM technology of US. Pat. Nos. 
4,683,195 and 4,683,202 (herein incorporated by reference). 
The practice of these techniques is a routine matter for those 
of skill in the art, as taught in various scienti?c texts (see 

Homo sagiens 

Codon vb Total #43 Codon vb Total #3 Codon u 

UUU 16.6 72711 UCU 14.0 62953 UAU 12.3 
UUC 21.4 95962 UCC 17.7 79482 UAC 17.0 
UUA 6.3 28202 UCA 10.7 48225 UAA 0.7 
UUG 11.5 51496 UCG 4.4 19640 UAG 0.5 
CUU 11.7 52401 CCU 16.7 74975 CAU 9.6 
CUC 19.5 87696 CCC 20.0 89974 CAC 14.6 
CUA 6.3 28474 CCA 16.2 72711 CAA 11.4 
CUG 40.6 182139 CCG 6.9 30863 CAG 33.7 
AUU 15.7 70652 ACU 12.8 57288 AAU 16.6 
AUC 23.7 106390 ACC 21.1 94793 AAC 21.1 
AUA 6.7 30139 ACA 14.7 66136 AAA 23.2 
AUG 22.6 101326 ACG 6.7 30059 AAG 33.9 
GUU 10.6 47805 GCU 18.7 83800 GAU 22.0 
GUC 15.6 70189 GCC 29.2 130966 GAC 27.0 
GUA 6.6 29659 GCA 15.3 68653 GAA 27.8 
GUG 30.0 134750 GCG 7.5 33759 GAG 40.8 

10 e.g., Sambrook et al., 1989), incorporated herein by refer 
ence. Certain documents further particularly describe suit 
able mammalian expression vectors, e.g., US. Pat. No. 
5,168,050, incorporated herein by reference. The VMP 
genes and DNA segments that are particularly preferred for 

15 use in certain aspects of the present methods are those 
encoding VMP and VMP-related polypeptides. 

It is also contemplated that one may clone other additional 
genes or cDNAs that encode a VMP or VMP-related 
peptide, protein or polypeptide. The techniques for cloning 

20 DNA molecules, i.e., obtaining a speci?c coding sequence 
from a DNA library that is distinct from other portions of 
DNA, are Well knoWn in the art. This can be achieved by, for 
example, screening an appropriate DNA library Which 
relates to the cloning of a vls gene such as from the variable 

25 region of that gene. The screening procedure may be based 
on the hybridiZation of oligonucleotide probes, designed 
from a consideration of portions of the amino acid sequence 
of knoWn DNA sequences encoding related Borrelia pro 
teins. The operation of such screening protocols is Well 

30 knoWn to those of skill in the art and are described in detail 
in the scienti?c literature, for example, see Sambrook et al., 
1989. 

Total #3 Codon vb Total #3 

55039 UGU 9.5 42692 
76480 UGC 12.8 57368 
2955 UGA 1.2 5481 
2181 UGG 13.5 59982 
43193 CGU 4.6 20792 
65533 CGC 11.0 49507 
51146 CGA 5.9 26551 

151070 CGG 11.3 50682 
74401 AGU 11.1 49894 
94725 AGC 19.1 85754 

104221 AGA 10.8 48369 
152179 AGG 10.9 48882 
98712 GCU 11.2 50125 

121005 GGC 24.0 107571 
124852 GGA 16.9 75708 
182943 GGG 16.7 74859 

Coding GC 52.96% 1st letter GC 55.98% 2nd letter GC 42.29% 3rd letter GC 60.60% 
3Total 4489120 
bu = Frequency per 1000 

The de?nition of a “VMP-like gene”, “VMP-related 
gene” as used herein, is a gene that hybridiZes, under 
relatively stringent hybridiZation conditions (see, e.g., 
Maniatis et al., 1982), to DNA sequences presently knoWn 
to include related gene sequences. 

To prepare an VMP-like gene segment or cDNA one may 
folloW the teachings disclosed herein and also the teachings 
of any of patents or scienti?c documents speci?cally refer 
enced herein. One may obtain a rVMP- or other related 
encoding DNA segments using molecular biological 
techniques, such as polymerase chain reaction (PCRTM) or 

60 

65 

Techniques for introducing changes in nucleotide 
sequences that are designed to alter the functional properties 
of the encoded proteins or polypeptides are Well knoWn in 
the art, e.g., U.S. Pat. No. 4,518,584, incorporated herein by 
reference, Which techniques are also described in further 
detail herein. Such modi?cations include the deletion, inser 
tion or substitution of bases, and thus, changes in the amino 
acid sequence. Changes may be made to increase the VMP 
activity of a protein, to increase its biological stability or 
half-life, to change its glycosylation pattern, and the like. All 
such modi?cations to the nucleotide sequences are encom 
passed by this invention. 
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2.3 VMP-Encoding DNA Segments 
The present invention, in a general and overall sense, also 

concerns the isolation and characterization of novel vls gene 
segments, Which encode combinatorial mosaics of expressed 
and silent regions of the vls gene. Apreferred embodiment 
of the present invention is a puri?ed nucleic acid segment 
that encodes a protein that has at least a partial amino acid 
sequence in accordance With SEQ ID NO:2 Another 
embodiment of the present invention is a puri?ed nucleic 
acid segment, further de?ned as including nucleotide 
sequences in accordance With SEQ ID NO:1 and SEQ ID 
NO:3. 

In a more preferred embodiment the puri?ed nucleic acid 
segment consists essentially of the nucleotide sequence of 
SEQ ID NO:1 and SEQ ID NO:3, their complement or the 
degenerate variants thereof. As used herein, the term 
“nucleic acid segment” and “DNA segment” are used inter 
changeably and refer to a DNA molecule Which has been 
isolated free of total genomic DNA of a particular species. 
Therefore, a “puri?ed” DNAor nucleic acid segment as used 
herein, refers to a DNA segment Which contains a VMP 
coding sequence yet is isolated aWay from, or puri?ed free 
from, total genomic DNA, for example, total cDNA or 
borrelia genomic DNA. Included Within the term “DNA 
segment”, are DNA segments and smaller fragments of such 
segments, and also recombinant vectors, including, for 
example, plasmids, cosmids, phage, viruses, and the like. 

Similarly, a DNA segment comprising an isolated or 
puri?ed vls gene refers to a DNA segment including VMP 
related coding sequences isolated substantially aWay from 
other naturally occurring genes or protein encoding 
sequences. In this respect, the term “gene” is used for 
simplicity to refer to a functional protein, polypeptide or 
peptide encoding unit. As Will be understood by those in the 
art, this functional term includes both genomic sequences, 
cDNA sequences or combinations thereof “Isolated substan 
tially aWay from other coding sequences” means that the 
gene of interest, in this case vls, forms the signi?cant part of 
the coding region of the DNA segment, and that the DNA 
segment does not contain large portions of naturally 
occurring coding DNA, such as large chromosomal frag 
ments or other functional genes or cDNA coding regions. Of 
course, this refers to the DNA segment as originally isolated, 
and does not exclude genes or coding regions later added to 
the segment by the hand of man, nor are other portions or 
contiguous sequences of naturally occurring DNA excluded. 

In particular embodiments, the invention concerns iso 
lated DNA segments and recombinant vectors incorporating 
DNA sequences Which encode a VMP-like protein that 
includes Within its amino acid sequence an amino acid 
sequence in accordance With SEQ ID NO:2. 

Another preferred embodiment of the present invention is 
a puri?ed nucleic acid segment that encodes a protein in 
accordance With SEQ ID NO:2, further de?ned as a recom 
binant vector. As used herein the term, “recombinant 
vector”, refers to a vector that has been modi?ed to contain 
a nucleic acid segment that encodes an VMP protein, or a 
fragment thereof. The recombinant vector may be further 
de?ned as an expression vector comprising a promoter 
operatively linked to said VMP-encoding nucleic acid seg 
ment. 

A further preferred embodiment of the present invention 
is a host cell, made recombinant With a recombinant vector 
comprising an vls gene. The recombinant host cell may be 
a prokaryotic cell. As used herein, the term “engineered” or 
“recombinant” cell is intended to refer to a cell into Which 
a recombinant gene, such as a gene encoding VMP, has been 
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8 
introduced. Therefore, engineered cells are distinguishable 
from naturally occurring cells Which do not contain a 
recombinantly introduced gene. Engineered cells are thus 
cells having a gene or genes introduced through the hand of 
man. Recombinantly introduced genes Will either be in the 
form of a copy of a genomic gene or a cDNA gene, or Will 
include genes positioned adjacent to a promoter not natu 
rally associated With the particular introduced gene. 

In certain embodiments, the invention concerns isolated 
DNA segments and recombinant vectors Which encode a 
protein or peptide that includes Within its amino acid 
sequence an amino acid sequence essentially as set forth in 
SEQ ID NO:2. Naturally, Where the DNA segment or vector 
encodes a full length VMP-like protein, or is intended for 
use in expressing the VMP-like protein, the most preferred 
sequences are those Which are essentially as set forth in SEQ 
ID NO:2. It is recogniZed that SEQ ID NO:2 represents the 
full length protein encoded by the vls gene and that con 
templated embodiments include up to the full length 
sequence and functional variants as Well. 
The term “a sequence essentially as set forth in SEQ ID 

NO:2” means that the sequence substantially corresponds to 
a portion of SEQ ID NO:2 and has relatively feW amino 
acids Which are not identical to, or a biologically functional 
equivalent of, the amino acids of SEQ ID NO:2. The term 
“biologically functional equivalent” is Well understood in 
the art and is further de?ned in detail herein, as a gene 
having a sequence essentially as set forth in SEQ ID NO:1 
and that is associated With a vls gene in the Borrelia family. 
Accordingly, sequences Which have betWeen about 70% and 
about 80%; or more preferably, betWeen about 85% and 
about 90%; or even more preferably, betWeen about 90 and 
95% and about 99%; of amino acids Which are identical or 
functionally equivalent to the amino acids of SEQ ID NO:2 
Will be sequences Which are “essentially as set forth in SEQ 
ID N012”. 

In certain other embodiments, the invention concerns 
isolated DNA segments and recombinant vectors that 
include Within their sequence a nucleic acid sequence essen 
tially as set forth in SEQ ID NO:1 and SEQ ID NO:3. The 
term “essentially as set forth in SEQ ID NO:1 and SEQ ID 
NO:3,” is used in the same sense as described above and 
means that the nucleic acid sequence substantially corre 
sponds to a portion of SEQ ID NO:1 and SEQ ID NO:3, and 
has relatively feW codons Which are not identical, or func 
tionally equivalent, to the codons of SEQ ID NO:1 and SEQ 
ID NO:3. The term “functionally equivalent codon” is used 
herein to refer to codons that encode the same amino acid, 
such as the six codons for arginine or serine, as set forth in 
Table 4, and also refers to codons that encode biologically 
equivalent amino acids. 

It Will also be understood that amino acid and nucleic acid 
sequences may include additional residues, such as addi 
tional N- or C-terminal amino acids or 5‘ or 3‘ sequences, 
and yet still be essentially as set forth in one of the sequences 
disclosed herein, so long as the sequence meets the criteria 
set forth above, including the maintenance of biological 
protein activity Where protein expression is concerned. The 
addition of terminal sequences particularly applies to nucleic 
acid sequences Which may, for example, include various 
non-coding sequences ?anking either of the 5‘ or 3‘ portions 
of the coding region or may include various internal 
sequences, i.e., introns, Which are knoWn to occur Within 
genes. 

Excepting intronic or ?anking regions, and alloWing for 
the degeneracy of the genetic code, sequences Which have 
betWeen about 70% and about 80%; or more preferably, 
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between about 80%, 85% and about 90%; or even more 
preferably, between about 90%, 95% and about 99%; of 
nucleotides Which are identical to the nucleotides of SEQ ID 
NO:1 and SEQ ID NO:3 Will be sequences Which are 
“essentially as set forth in SEQ ID NO:1 and SEQ ID NO:3”. 
Sequences Which are essentially the same as those set forth 
in SEQ ID NO:1 and SEQ ID NO:3 may also be functionally 
de?ned as sequences Which are capable of hybridizing to a 
nucleic acid segment containing the complement of SEQ ID 
NO:1 and SEQ ID NO:3 under relatively stringent condi 
tions or conditions of high stringency. Suitable relatively 
stringent hybridiZation conditions Will be Well knoWn to 
those of skill in the art and are clearly set forth herein, for 
example conditions for use With Southern and Northern blot 
analysis, and as described in the examples herein set forth. 

Naturally, the present invention also encompasses DNA 
segments Which are complementary, or essentially 
complementary, to the sequence set forth in SEQ ID NO:1 
and SEQ ID NO:3. Nucleic acid sequences Which are 
“complementary” are those Which are capable of base 
pairing according to the standard Watson-Crick complemen 
tary rules. As used herein, the term “complementary 
sequences” means nucleic acid sequences Which are sub 
stantially complementary, as may be assessed by the same 
nucleotide comparison set forth above, or as de?ned as being 
capable of hybridiZing to the nucleic acid segment of SEQ 
ID NO:1 and SEQ ID NO:3 under relatively stringent 
conditions, i e., conditions of high stringency. 

The nucleic acid segments of the present invention, 
regardless of the length of the coding sequence itself, may 
be combined With other DNA sequences, such as promoters, 
polyadenylation signals, additional restriction enZyme sites, 
multiple cloning sites, other coding segments, and the like, 
such that their overall length may vary considerably. It is 
therefore contemplated that a nucleic acid fragment of 
almost any length may be employed, With the total length 
preferably being limited by the ease of preparation and use 
in the intended recombinant DNA protocol. For example, 
nucleic acid fragments may be prepared Which include a 
short stretch complementary to SEQ ID NO:1 and SEQ ID 
NO:3, such as about 10 to 15 or 20, 30, or 40 or so 
nucleotides, and Which are up to 2000 or so base pairs in 
length. DNA segments With total lengths of about 8000, 
7000, 6000, 5000, 4000, 3000, 2000, 1000, 500, 200, 100 
and about 50 base pairs in length are also contemplated to be 
useful. 
A preferred embodiment of the present invention is a 

nucleic acid segment Which comprises at least a 
14-nucleotide long stretch Which corresponds to, or is 
complementary to, the nucleic acid sequence of SEQ ID 
NO:1 and SEQ ID NO:3. In a more preferred embodiment 
the nucleic acid is further de?ned as comprising at least a 20 
nucleotide long stretch, a 30 nucleotide long stretch, 50 
nucleotide long stretch, 100 nucleotide long stretch, or at 
least an 2000 nucleotide long stretch Which corresponds to, 
or is complementary to, the nucleic acid sequence of SEQ ID 
NO:1 and SEQ ID NO:3. The nucleic acid segment may be 
further de?ned as having the nucleic acid sequence of SEQ 
ID N011 and SEQ ID NO:3. 

Arelated embodiment of the present invention is a nucleic 
acid segment Which comprises at least a 14-nucleotide long 
stretch Which corresponds to, or is complementary to, the 
nucleic acid sequence of SEQ ID NO:1 and SEQ ID NO:3, 
further de?ned as comprising a nucleic acid fragment of up 
to 10,000 basepairs in length. Amore preferred embodiment 
if a nucleic acid fragment comprising from 14 nucleotides of 
SEQ ID NO:1 and SEQ ID NO:3 up to 5,000 basepairs in 
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10 
length, 3,000 basepairs in length, 2,000 basepairs in length, 
1,000 basepairs in length, 500 basepairs in length, or 100 
basepairs in length. 

Naturally, it Will also be understood that this invention is 
not limited to the particular nucleic acid and amino acid 
sequences of SEQ ID NO:1 and SEQ ID NO:3. Recombi 
nant vectors and isolated DNA segments may therefore 
variously include the VMP-like protein coding regions 
themselves, coding regions bearing selected alterations or 
modi?cations in the basic coding region, or they may encode 
larger polypeptides Which nevertheless include VMP-coding 
regions or may encode biologically functional equivalent 
proteins or peptides Which have variant amino acids 
sequences. 
The DNA segments of the present invention encompass 

biologically functional equivalent VMP-like proteins and 
peptides. Such sequences may arise as a consequence of 
codon redundancy and functional equivalency Which are 
knoWn to occur naturally Within nucleic acid sequences and 
the proteins thus encoded. Alternatively, functionally 
equivalent proteins or peptides may be created via the 
application of recombinant DNA technology, in Which 
changes in the protein structure may be engineered, based on 
considerations of the properties of the amino acids being 
exchanged. Changes designed by man may be introduced 
through the application of site-directed mutagenesis 
techniques, e.g., to introduce improvements to the antige 
nicity of the VMP-like protein or to test VMP-like mutants 
in order to examine activity or determine the presence of 
VMP-like peptide in various cells and tissues at the molecu 
lar level. 
A preferred embodiment of the present invention is a 

puri?ed composition comprising a polypeptide having an 
amino acid sequence in accordance With SEQ ID N012. The 
term “puri?ed” as used herein, is intended to refer to an 
VMP-related protein composition, Wherein the VMP-like 
protein is puri?ed to any degree relative to its naturally 
obtainable state, i.e., in this case, relative to its purity Within 
a eukaryotic cell extract. Apreferred cell for the isolation of 
VMP-like protein is from borrelia organisms; hoWever, 
VMP-like protein may also be isolated from various patient 
specimens, specimens from infected animals, recombinant 
cells, tissues, isolated subpopulations of tissues, and the like, 
as Will be knoWn to those of skill in the art, in light of the 
present disclosure. Apuri?ed VMP-like protein composition 
therefore also refers to a polypeptide having the amino acid 
sequence of SEQ ID NO:2, free from the environment in 
Which it may naturally occur. 

If desired, one may also prepare fusion proteins and 
peptides, e.g., Where the VMP-like protein coding regions 
are aligned Within the same expression unit With other 
proteins or peptides having desired functions, such as for 
puri?cation or immunodetection purposes (e.g., proteins 
Which may be puri?ed by af?nity chromatography and 
enZyme label coding regions, respectively). 

Turning to the expression of the vls gene Whether from 
cDNA based or genomic DNA, one may proceed to prepare 
an expression system for the recombinant preparation of 
VMP-like protein. The engineering of DNA segment(s) for 
expression in a prokaryotic or eukaryotic system may be 
performed by techniques generally knoWn to those of skill in 
recombinant expression. For example, one may prepare a 
VMP-GST (glutathione-S-transferase) fusion protein that is 
a convenient means of bacterial expression. HoWever, it is 
believed that virtually any expression system may be 
employed in the expression of VMP-like proteins. 

VMP-like proteins may be successfully expressed in 
eukaryotic expression systems, hoWever, the inventors con 




























































































































